The aim of this research was to develop a path-flow analysis model to highlight the relationships between buoyancy
Introduction
The identification of variables allowing predicting swimming performance is one of the main aims of the swimming "science" community (Barbosa et al., 2010c; Saavedra et al., 2010) . It is consensual that it is possible to enhance performance manipulating biomechanical and/or energetics variables . Anthropometrical and hydrodynamic variables are also described as being related to swimming performance (e.g, Geladas et al., 2005; Lättet al., 2009a; 2009b; Silva et al., 2007) . Anthropometrical, hydrodynamic and biomechanical testing procedures are often reported in the literature attempting to predict the swimming performance, as occurs in other competitive sports (e.g., Rogulj et al., 2009) . Some programs for detection and follow-up of swimming talent, from children to adult/elite swimmer, include on regular basis such kind of tests (e.g., Hohmann and Seidel, 2010; Cazorla, 1993) .
The swimmers hydrostatic profile (i.e., buoyancy force) can be measured with several validated techniques, as, for instance, the procedures reported byYanai (2004) or Zamparo et al. (1996) based on hydrostatic weight lifting. The swimmers hydrodynamic profile (i.e., drag force) can also be assessed with other validated techniques, as, for instance, the velocity perturbation method (Marinho et al., 2010a; Kolmogorov and Duplishieva, 1992) , the measuring active drag system (Hollander et al., 1986) or the swimmers' passive drag assessment with the swimmer towing in water without segmental actions Pendergast et al., 2006) . However, the procedures are expensive and require highly complex techniques to be used on daily basis by young swimmers coaches. That is the reason why young athlete's coaches and researchers usually use cheaper and easier testing procedures for this and other assessments (e.g. Costa et al., 2009; Barbosa et al., 2010a) . The vertical buoyancy test is one of those cheap and easy procedures to estimate the hydrostatic profile, as it is sometimes reported in the literature (e.g., Silva et al., 2007) . The swimmer remains in a deep-water swimming pool, in the vertical position, in inspiratory apnea. The evaluator records with an ordinal scale the location of the water surface at a give head's anatomical landmark. It is considered that larger portions of the swimmers body emerged represent a greater buoyancy capacity. To estimate the hydrodynamic profile, it is often used the prone gliding test. At least a couple of papers reported its use as well (Silva et al., 2007; Rama et al., 2006) . In this test, swimmers are asked to push-off from the wall at a given immersion level and glide in the hydrodynamic position for the maximal horizontal distance that they are able to travel without limb movement. It is measured, in the swimming pool deck, the horizontal distance traveled by the swimmer until he stops gliding. It is considered that higher gliding distances represent the submission to lower drag force.
Both tests are used on regular basis because they are cheap and easy to apply as mentioned previously. To the best of our knowledge it is not reported in the literature any research about its validity and/or to which point vertical buoyancy and prone glide performances are informative of young swimmers' hydrostatic and hydrodynamic profile, respectively. It seems possible that the vertical buoyancy and the prone gliding tests can be very rough estimations of the hydrostatic and hydrodynamic profiles. The vertical buoyancy adopts an ordinal scale that might not be representative of a continuous physical phenomenon. The prone gliding performance might depend not only from the drag force, but also from other variables such as the body height or the subject's leg's muscle power to push-off from the wall. So, some issues can be addressed regarding its validation and ecological data interpretation. In competitive swimming: (i) anthropometrics influence hydrodynamics; (ii) hydrodynamics influence biomechanics; (iii) biomechanics influence the energetics and; (iv) energetics influences swimming performance. At least a couple of papers described the relationships between some selected anthropometrical and hydrodynamic variables (Barbosa et al., 2010b) , as well as, between some selected biomechanical, energetics and swimming performance . If vertical buoyancy and prone gliding tests are informative as they should be, it must present significant relationships with some anthropometrical and biomechanical variables. To clear out this, "Structural equation modeling" can be implemented for data analysis. This procedure consists of a mathematical approach for testing and estimating causal relationships using a combination of statistical data and qualitative causal assumptions previously defined by the researcher to be (or not to be) confirmed (Schreiber et al., 2006; Stein et al., 2012) . This approach, rather than to identify variables, suggests the kind of interplay existing among them . Instead of an exploratory data analysis, "Structural equation modeling" is considered as a confirmatory mathematical procedure. It uses various types of models to analyze relationships among observed variables, with the same basic goal of providing a quantitative test of a theoretical model hypothesized by a researcher. Although this approach is not very popular in the sport's performance research, it is often used in other scientific domain (e.g., Crews and Losh, 1994; Kim and Cardinal, 2010 Therefore, the aim of this research was to develop a path-flow analysis model to highlight the relationships between vertical buoyancy and prone gliding tests and selected anthropometrical and biomechanical variables. Since the theoretical backgrounds supporting the vertical buoyancy test and the prone gliding test have weaknesses and gaps, it was hypothesized that it could not be possible to establish significant relationships or links between some selected anthropometrical variables and vertical buoyancy and prone gliding performances and between these tests and biomechanical variables.Based on this rationality, probably the vertical buoyancy and prone gliding are not valid procedures to estimate the hydrostatic and the hydrodynamic profiles of a swimmer.
Material and Methods

Subjects
Thirty-eight young male swimmers (12.97 ± 1.05 years-old; Tanner stages 1-2) from several competitive levels were evaluated. Swimmers were engaged in competitive swimming at least for three years, having six to eight training sessions per week with one to two hours of training per session. All subjects participated on regular basis in Freestyle events at local, regional and/or national championships. Freestyle drills and training series represented almost a half of their training volume. The mean value for the best performance at the 200 [m] freestyle event in official short course competitions (at local, regional or national level) was 156.80 ± 17.30 [s] with a moderate-high dispersion between minimum and maximum data (130.27  200 m freestyle  206.27 s). For the structural equation modeling procedure that will be implemented, moderate-high data dispersion is required, including swimmers with a broad range of competitive levels.
Subjects and their legal tutors were informed of the potential experimental risks and signed an informed consent document prior to data collection. All procedures were in accordance to the Declaration of Helsinki in respect to Human research. The Institutional Review Board of the Polytechnic Institute of Bragança approved the study design.
Anthropometrical data collection
For anthropometrical assessment the body mass, height, fat mass and body surface area were assessed. All measures were carried-out wearing a regular textile swimsuit.Body mass (BM) in [kg] was measured in the upright position with a digital scale (SECA, 884, Hamburg, Germany). Height (H) in [m] was measured in the anthropometrical position from vertex to the floor with a digital stadiometer (SECA, 242, Hamburg, Germany). Fat mass in [%] was estimated using a bio-impedance system (Tanita, BC-545, Middlesex, UK). Body surface area was estimated as being (Haycock et al., 1978) :
Where BM is the body mass in [kg] and H is the height converted to [cm] . An expert evaluator performed all anthropometrical measurements. Three measures of each variable were conducted and for further analysis the mean value was considered. Data reliability was very high (ICC = 0.96 ± 0.02).
Hydrostatic and Hydrodynamic data collection
The hydrostatic and hydrodynamic performances were assessed with the vertical buoyancy and the prone gliding after wall pushoff, respectively (Silva et al., 2007; Cazorla, 1993) . In the vertical buoyancy test the swimmer was asked to be in the vertical position with the arms close to the trunk, in inspiratory apnea, without any movement and immersed in a 2.20 [m] deep swimming pool (Cazorla, 1993 (Cazorla, 1993) : (i) the neck (5 arbitrary units; a.u.); (ii) mouth (4 a.u.); (iii) nose (3 a.u.); (iv) eyes (2 a.u.) and; (v) vertex (1 a.u.). Whenever the water surface was in the middle of two anatomical landmarks, it was decided to select the one that was nearby.
In the prone gliding test, the subjects were asked to perform a maximal push-off from the wall at a deep of approximately 0.5 to 1.0 [m] in the first lane, with lane ropes separating it from the lateral wall and the second lane. Thereafter they should glide in the hydrodynamic position (head in neutral position, looking to the bottom of the swimming pool, legs fully extended and close together, arms fully extended at the front and with one hand above the other) with no limbs actions. Testing ended when swimmers achieved the water surface and/or were not able to make any further horizontal displacement of their body gliding and/or started any limb's action. The maximal horizontal distance traveled by the swimmer from the wall to the feet was measured with a fiberglass tape (Nadic, Brebbia, Italy). An evaluator followed the swimmer during the trial closely to measure the distance.With the help of a vault it was recorded the maximum distance that the swimmer achieved after the wall push off parallel to the swimmer's feet, tracing a perpendicular projection between the vault and the measuring tape. (Craig and Pendergast, 1979) :
Theoretical model
The theoretical model (Figure 1 ) was developed according to main papers regarding to the relationships between anthropometrics, hydrodynamics and biomechanics variables (e.g. Barbosa et al., 2010a; 2010c; Lavoie and Montpetit, 1986 ) and the assessments included in some programs for detection and follow-up of swimming talents (e.g., Silva et al., 2007; Cazorla, 1993; Saavedra et al., 2010) .
It is considered that the anthropometrics domain will influence the hydrostatic/hydrodynamic domain and the last one will influence the biomechanics domain . Some anthropometrical variables that are reported on regular basis in swimming literature, such as the body mass, height, fat mass and body surface area were selected (e.g., Mazza et al., 1994; Geladas et al., 2005; Jagomägi and Jürimäe, 2005; Lättet al., 2009a; 2009b) . Vertical buoyancy and prone gliding tests were adopted because the main focus of this paper was to understand its validity, as well as, its relationship with anthropometrical and biomechanical variables. Regarding to biomechanical variables, the stroke length, stroke frequency and swimming velocity were assessed (e.g., Barbosa et al., 2010a; 2010c) . It seems to exist a co-variation between the body mass, the height, the fat mass and the body surface area (e.g., Haycock et al., 1978) . Both the fat mass and the body surface area will influence the vertical buoyancy and the prone gliding performances (Costill et al., 1992 ). There will be a co-variation between vertical buoyancy and prone gliding. Both tests will interplay with the stroke frequency and the stroke length. The stroke frequency and stroke length will influence swimming velocity (Craig and Pendergast, 1979; Keskinen et al. 1989) .
Statistical procedures
The normality and homocedasticity assumptions were verified with the Shapiro-Wilk and the Levene tests, respectively. Descriptive statistics (maximum, minimum, mean, one standard deviation, coefficient of variation) from all variables were calculated (Hopkins et al., 2009 ). Pearson's correlation coefficients were computed between buoyancy and prone gliding tests and remaining selected variables. As a rule of thumb, Pearson's correlation coefficients between: (i) 0.00 r< 0.30 were considered weak; (ii) 0.30 r< 0.70 were considered moderate and; (iv) 0.70 r 1.00 were considered high. The statistical significance was set at p 0.05.
Path-flow analysis was performed with the estimation of standardized linear regression coefficients between the exogenous and endogenous variables. All assumptions to perform the path-flow analysis were considered. When appropriate, according to the theoretical model, simple or multiple linear regression models were computed. Standardized regression coefficients (β) were considered. Significance of each β was assessed with the t-Student test (p  0.05). The effect size of the disturbance term, reflecting unmeasured variables, for a given endogenous variable, was 1-r 2 .
To measure the quality of the model fit, the 
Where ij are the correlations predicated on the model, estimated by the sum of the casual associations (direct effects and indirect effects) with the non-casual association (non-estimate effects plus spurious effects) and rij are the observed correlations between p+q variables. SRMR measures the standardized difference between the observed covariance and predicted covariance. It is considered qualitatively if: (i) SRMR< 0.1 that the model adjust to the theory; (ii) SRMR< 0.05 that the model adjusts very well to the theory and; (iii) SRMR ~ 0 that the model is perfect (adapted from Hu and Bentler, 1999) . The v had a 97.2% capability to be predicted based on the SF and the SL. However, based on the prone gliding performance, only 32.2% from the SF and 34.6% from the SL were predicted (Figure 2a) . Deleting the vertical buoyancy from the model and re-computing the data again, does not lead to changes in the prediction level ( Figure  2b) .
Regarding the good-of-fit from the confirmatory model, after deleting the nonsignificant paths, the SRMR was very close to the selected cut-off value. Even so, from a qualitative point of view the model was considered as not suitable of the theory (SRMR = 0.11). In this sense the removal of the vertical buoyancy had a major impact in the model's quality.
Discussion
The purpose of this paper was to develop a path-flow analysis model to highlight the relationships between vertical buoyancy and prone gliding tests and some selected anthropometrical and biomechanical variables. Authors aimed to verify if both tests are valid and informative of the swimmers hydrostatic/hydrodynamic profile. The confirmatory model excluded the vertical buoyancy and the relationship between height and fat mass. Deleting the vertical buoyancy test had a major impact in the model's good-of-fit.
Descriptive statistics (central and dispersion parameters) of the variables selected are slightly within the range of values reported in the literature for swimmers from similar cohort group (i.e., same gender, chronological and biological age) (e.g., Barbosa et al., 2010a; Schidt and Ungerechts, 2008; Silva et al., 2007; Jürimäeet al., 2007; Greco et al., 2005; Lättet al., 2009a) . To compute the Structural equation modeling procedure moderate-high data dispersion is required. Since a broad data dispersion is verified (e.g. standard deviation, data range, coefficient of variation) it is possible to understand the behavior of the selected variables in a wide range of performance level.
Non-significant associations were found between vertical buoyancy test and selected variables. On the other hand, several selected variables presented significant and moderate-high associations with prone gliding test. Increasing prone gliding distance was related with higher BM, H, fat mass, BSA,SL and lower SF. So, data suggests the existence of some kind of relationship between the hydrodynamic domain and the anthropometric and the biomechanics domains. Therefore, the theoretical model pathflow designed, where fluid mechanics variables depend on anthropometrics and influence biomechanics, might be correct (Barbosa et al., 2010b) .
Regarding the theoretical and the confirmatory models, two partial relationships (i.e., theoretical paths) did not confirm the hypothesis. The confirmatory model excluded the vertical buoyancy and the relationship between height and fat mass. The v had a high capability to be predicted based on the SF and the SL (i.e., 97.2%). Such relationship is consensual in the literature Craig and Pendergast, 1979; Keskinen et al., 1989) . Even so, some multicolinearity phenomena might be involved as SL was estimated with equation 3. Only 32.2% and 34.6 % of the SF and SL, respectively,were predicted based on the prone gliding performance. Some hydrostatic and/or by Barbosa T. M. et al. 
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© Editorial Committee of Journal of Human Kinetics hydrodynamic variables that are not included in the model might have a significant influence in both biomechanical variables. Adding other variables that are measured and not estimated (e.g., frontal surface area, projected frontal area, active drag or passive drag) (Pendergast et al., 2006; Yanai, 2004; Zamparo et al., 1996; Kolmogorov and Duplishieva, 1992; Hollander et al., 1986) Indeed, a couple of issues confirm our hypothesis that probably both tests are not valid and informative as it is considered: (i) the vertical buoyancy test was completely removed from the model and; (ii) there was a low capacity to predict SF and SL based on the prone gliding performance. Buoyancy is an external force with a vertical and upright direction, opposite to the body's weight that is computed as:
Where B is the buoyancy force in [N] , ρ is the density of the water in [kg.m -3 ] , g is the gravitational acceleration in [m.s -2 ] at the location in question and V is the volume of the displaced body of the liquid in [m 3 ]. From a theoretical point of view, it is considered that during the vertical buoyancy test the swimmer's body is in a fluid mechanics statics situation, where the net forces are:
Being considered as Fi:
Where W is the bodies weight force in [N] and Bthe buoyancy force in [N] . So:
Otherwise, if the swimmer's buoyancy force exceeds its weight, he will rise in the water and emerge. On the other hand, if the swimmer's weight exceeds its buoyancy he will sink. The arbitrary units scale (a.u.) used in the vertical buoyancy scale test tries to be an ordinal measure of this physics phenomenon. As any ordinal measure, the scale used describes a ranking order, instead of a relative size or degree of difference between the items measured. It is possible to exist some major limitations using an ordinal scale to measure this physical phenomenon. Therefore, the ordinal scale should be changed to an interval scale.
Some physiological and anthropometrical variables are related to the buoyancy force. There are several reports in the literature describing that buoyancy is related to the body composition (Mazza et al., 1994) . Theoretical and experimental studies report that a higher percentage of fat mass imposes higher buoyancy (Zamparo et al., 1996; Mazza et al., 1994; Costill et al., 1992) . In addition, a higher buoyancy capacity seems to be related to a better horizontal body position and a lower drag force (Yanai, 2004; Zamparo et al., 1996) . Even so, the co-variation between the vertical buoyancy and the prone gliding test was not significant. The relationship was negative rather than being positive. Respiratory variables (e.g. lungs volume, vital capacity, residual volume and tidal volume) might also play a significant influence in the vertical buoyancy performance. So, some weaknesses can be addressed in the physics background supporting the vertical buoyancy test concept. New researches comparing and validating the vertical buoyancy test with some specific gold-standard test should be conducted in the future to clear out this issue.
Prone gliding test is used as an estimation of the swimmer's passive drag. Drag force is computed as:
Where D is the drag force in [N] , ρ is the density of the water in [kg.m -3 ], v is the swimming velocity in [m.s -1 ], S is the projected frontal surface area of the swimmers in [cm 2 ] and Cd is the drag coefficient [dimensionless] (changing owning to shape, orientation and Reynolds number). Thus, it is considered that as hydrodynamic is the swimmer's position, the lower is the drag force the swimmer is submitted to. However, the prone gliding test does not consider a couple of variables that might imposes some bias: (i) drag force is dependent from the swimmer's immersion depth (Marinho et al., 2010b; Pease and Venell, 2010) ; (ii) the gliding distance is Journal of Human Kinetics volume 32/2012 http://www.johk.pl related not only to drag force, but also to propulsive forces such as the leg's muscle power and/or neuromuscular patterns (Miriam and Dietmar, 2003) and/or the reaction forces (Pereira et al., 2006) during the wall push-off; (iii) when gliding close to the water surface drag force is also dependent from the Froude number, which is related to the body's length (Kjendlie and Stallman, 2008) . In this sense, some precaution should also be taken interpreting the prone gliding test performance as it can have some bias. Confirmatory path-flow model can be considered as very close to the SRMR cut-off value adopted. Even so, from a qualitative point of view, the model cannot be considered as suitable of the theory (SRMR = 0.11). The model's good-of-fit is related to the delete of all paths linking vertical buoyancy with remaining anthropometrical and biomechanical variables. Four paths were deleted: (i) BSA -vertical buoyancy; (ii) vertical buoyancy -SL; (iii); vertical buoyancy -SF and; (iv) vertical buoyancy -prone gliding. The SRMR measures the standardized difference between the observed covariance and the predicted covariance. Therefore, deleting the four paths increased the SRMR value, going it beyond the quality cut-off value considered for 0.01 units.
It should be once again stressed out that the current study aimed to understand to which point the vertical buoyancy and the prone gliding tests, used on regular basis to assess young swimmers, are informative of the subjects' fluid mechanics profile. Moreover, this study aimed to analyze if the tests present any relationship with anthropometrics and biomechanics as theoretical background pointed out. Based on current data, it seems that the vertical buoyancy and the gliding tests do not depend exclusively from buoyancy force and drag force, respectively. That is the reason why both cannot be considered as valid testing procedures to estimate the hydrostatic and hydrodynamic profile. It can be addressed as main limitations of the study: (i) the need to identify, in a near future, through exploratory data analysis procedures other variables that influence the prone gliding performance, such as, as hypothesis, the leg's muscle power, trunk transverse surface area, etc.; (ii) the final model obtained might not be representative of what occurs in other cohort groups (i.e., female swimmers or adult/elite swimmers); (iii) a "classical" validation procedure was not carriedout to quantify the accurate value of over and/or underestimation that each test presents in comparison with hydrostatic and hydrodynamic gold-standard techniques.
As a conclusion, the vertical buoyancy test did not present any relationship with anthropometrical and biomechanical variables nor with the prone gliding test as suggested by its theoretical background. Prone gliding performance depends not only on drag force. The low prediction level of the prone gliding test might be related to other variables that are not considered in its theoretical background and, therefore, were not included in the model. Hence, some precaution should be taken interpreting data from the prone gliding test. As a coachfriendly conclusion, vertical buoyancy and prone gliding tests are easy and cheap procedures. However, they are not the best techniques to assess the swimmer's hydrostatic and hydrodynamic profile, respectively.
